Summary: A process for preparing granular activated carbon has been developed, utilizing petroleum residues such as asphalt. Successful pilot plant operations have been made.
Introduction
Activated carbon, especially granular activated carbon, is one of the essential materials used for prevention of air and water pollutions, and its demand is constantly increasing. Fresh water supply in Japan is limited, and its shortage will be a serious problem in the near future. The Ministry of Construction has estimated that in 1985 water demand in Japan will be 170% greater than that in 1965. Up (from Process B) produced in the reaction were subjected to gas treating, and the SO2 recovered could be converted to sulfuric acid and H2S to elemental sulfur. The yield of char from either process was from 120 to 160% by weight of the raw material used. The yield of activated carbon from the char was from 30 to 40% by weight. The yield based on asphalt was from 30 to 45% by weight.
Exhaust Gas Treatment
In Process A, the exhaust gas generated from the char producing step and the char activating step was substantially SO2, which could be oxi- So, it was possible to obtain a hard char of almost uniform particle size.
The char was so easy to handle and it could be activated smoothly in the fluidized state, without the need for pulverizing or pelletizing,
to produce high quality granular activated carbon.
Since the co-current, two-step fluidized furnace for activation is used in our process, activation can be done continuously with high thermal efficiency. This makes the commercial plant compact and simple that enhances the possibility of mass production of activated carbon.
Since the solvents, sulfuric acid or elemental sulfur used can easily be recovered and reused, the process can be operated in a closed system. About 85% or more of the sulfuric acid used as reactant can be recovered and reused in Process A. About 75% or more of elemental sulfur used as reactant can be recovered and reused in Process B. Table 2 shows some of the properties of activated carbon A (product of Process A), B (product of Process B), C (market product), and D (market product). A and B have higher specific surface areas and high methylene blue adsorption. Pore distributions are also shown in Fig. 2 . The existence of many micropores (under 15A pore radius)7) is remarkable in A, while the Table  1 Typical Economics specific surface areas. Figures 3, 4 , 5 and 6 show the surfaces of four species of activated carbon, enlarged 4,500 times by a scanning electron microscope. The surface of A or B differs from that of the market products, and the presence of small pores is clearly shown on the surfaces of A and B.
Mechanical strength of the activated carbons were measured by the modified method of JIS K 14128). B was found to be superior in me- 
Adsorption Characteristics
The adsorption characteristics of activated carbons were examined by determining the adsorption isotherms and rates.
The change in the amount of adsorption with time and the amount of adsorption at equilibrium in both vapor phase and liquid phase were determined. The relationship between the equilibrium pressure or concentration and the amount of adsorption was summarized according to Freundlich's formula of adsorption (1)9),10). librium, q is the equilibrium pressure or concentration, and l/n and K are constants. A small 1/n means a slight change in adsorption capability with change of equilibrium pressure or concentration, and a large K indicates a large amount of adsorption.
The change in the amount of adsorption with time was summarized according to Boyd's equation (2)11).
R is the average radius of activated carbon particles, Di is the internal diffusion constant, and t is time.
Generally, the rate of diffusion within the pores is considered to be the rate-determining step11).
As an example of the results in vapor phase adsorption, the adsorption isotherms and adsorption rates of SO2 are shown in Fig. 7 and 8 . Bulletin of The Japan Petroleum Institute into a U-tube to form a layer, and benzene vapor was passed through it at the rate of 400ml/ layer became constant. The results are shown in Fig. 11 (1).
In the desorption experiment, air was passed through the activated carbon layer, which had adsorbed benzene, at the rate of 400ml/min adsorbent layer with time was determined. The results are shown in Fig. 11 (2) .
As for the activated carbon used to prevent motor gasoline vaporization, it is desirable that the activated carbon has a high rate of and capacity for adsorption of hydrocarbons (benzene) and a high rate of desorption of hydrocarbons (benzene). The market products E and F are used industrially for this purpose. The products A and B are expected to be more useful, because they have better adsorption and desorption characteristics than those of E and F.
As an example of liquid phase applications, the removal of phenol from FCC waste water was tested with activated carbon. In the first step, granular char is produced by precipitation from the liquid phase in which asphalt is made to react with one of the above sulfurous substances.
In the next step, the char is activated continuously using the unique co-current, two-step fluidized furnace developed by us. 
